In naked mole-rats (Heterocephalus glaber), some non-breeding males show faster growth and are more likely to disperse than others. These differences have been suggested to be the result of a specialized developmental strategy leading to shorter philopatry and independent breeding, as opposed to extended philopatry as non-reproductive helpers. However, it is unclear whether fast-growing males disperse sooner than slow-growing males. An alternative explanation is that variation in quality between individuals causes high-quality individuals to grow quickly and maximize dispersal success without reducing philopatry. Here we show that in Damaraland mole-rats (Fukomys damarensis), males that subsequently disperse successfully grow faster than other non-reproductive males. This pattern is predicted by both hypotheses and does not discriminate between them. However, contrary to the suggestion that faster growth represents a developmental specialization for early dispersal, fast-growing and slow-growing males remained equally long in their natal groups. Our study provides no evidence for adaptive divergence in male development leading either to early dispersal or extended philopatry. Instead of representing specialized dispersers, fast-growing males of this species may be high-quality individuals.
Introduction
In some eusocial insects, individuals show divergent developmental trajectories predisposing them to early dispersal or extended philopatry [1, 2] . Previous studies in naked mole-rats (Heterocephalus glaber) have suggested that some males may likewise adopt an alternative growth strategy and attempt to disperse when the possibility arises [3, 4] . Dispersing males differ morphologically and behaviourally from other non-reproductive males that were not observed to disperse: they have larger fat reserves and display little cooperative behaviour, suggesting adaptive specialization for dispersal similar to alates found in termites [3, 4] . However, no other cooperatively breeding vertebrate shows diverging developmental trajectories that relate either to early dispersal or extended philopatry. Instead, they show flexible responses and behavioural changes at, or shortly before, dispersal [5] [6] [7] [8] [9] .
If social mole-rat species exhibit divergent developmental trajectories predisposing them to successful dispersal and reproduction, or to maximizing the benefits of philopatry, it would be predicted that specialized dispersers would show faster growth, a shorter tenure of philopatry and higher chances of successful dispersal. However, a positive association between growth and successful & 2018 The Author(s) Published by the Royal Society. All rights reserved.
dispersal may also arise because high-quality individuals are able to maximize both the benefits of philopatry and independent reproduction. Critical predictions that discriminate between the two hypotheses are that in the case of developmental specialization, fast growth and successful dispersal would be coupled with reduced time in the natal group, reduced investment in cooperative behaviour, or both. A recent laboratory study on Damaraland mole-rats has shown that fast-growing individuals do not contribute less to cooperative behaviour [10] , but it remains unknown whether fast growth is associated with a reduced tenure of philopatry.
This study investigates whether successful dispersers in Damaraland mole-rats (Fukomys damarensis) show faster growth before dispersal and a shorter tenure of philopatry than other non-reproductive males. Our study addresses these questions using a 14-year capture mark and recapture study of longitudinal records of body mass of individually marked Damaraland mole-rats, where detailed growth and life-history records were available. Damaraland mole-rats resemble naked mole-rats in social organization and both species are sometimes referred to as eusocial mammals [11 -13] . Groups of Damaraland mole-rats can have up to 41 members that show large variation in growth [14] [15] [16] [17] . However, it is unknown how variation in growth is related to differences in the tenure of philopatry.
Material and methods (a) The study animals
The Damaraland mole-rat, Fukomys damarensis, is a singular cooperative breeder distributed throughout the Kalahari of Southern Africa [18] . It exhibits temporal reproductive division of labour with reproduction typically being restricted to one reproductive pair within a group, but all non-reproductive individuals retain their potential to breed [14, 19] .
(b) Data collection
This capture mark and recapture study used modified Hickman live traps baited with sweet potato and indigenous bulbs between 1988 and 2002, at Dordabis, Namibia (22858' S, 17841' E). Over the study period, 529 non-reproductive males were repeatedly captured (mean recaptures 3; range 2-14). On average individuals remained in the study population for 456 days. The size of the study site varied between 124.800 and 235.000 m 2 . The mean number of groups in the study area was 21. Twice a year, all Damaraland mole-rats in the study area were trapped. The animals were captured, toe-clipped for identification and sexed. Reproductive males were identified from long-term life-history records and morphologically by a brown stain around the mouth and large bulging abdominal or inguinal testes. Body mass was measured at each capture using a precision scale, which was accurate to 0.1 g and rounded to the nearest gram. During each trapping event, we excavated small areas of the burrow system, and the captured animals were kept out of their burrow system until the entire group was caught. A group was considered to be completely captured if no animals came to the traps for three consecutive days. Individuals were regarded as members of the same group only if they were collected at the same trap site. During each trapping season the study area was searched thoroughly to ensure that no groups were missed.
We classified individuals as dispersers when they were trapped in their natal group and were later recaptured in other existing groups, were trapped alone, or founded a new group [4] . Some dispersing individuals may have left the study and evaded recapture, so our data represent a conservative sample of successfully dispersing individuals within the population [20] . By contrast, we considered individuals as philopatric when they were captured repeatedly in the same group throughout the study period and never in another group. We refer to the tenure of philopatry as the time between the first capture of an individual in its natal group and the last capture in the same group. As such, our estimate of the tenure of philopatry represents a conservative underestimation that is consistent between dispersers and philopatric individuals. All individuals that were already breeders at first capture or individuals that were never re-captured were excluded from the analysis.
(c) Data analyses
We fitted a LMM (linear mixed effect model) for non-breeding males with the growth rate (weight gain in g day 21 ) as response, and body mass at capture and group size as covariates. The growth rate was calculated as the difference in body mass between two consecutive captures divided by the number of days between the two measurements. We added disperser (yes/no) as fixed factor with two levels. Furthermore, we included the identity of the individual and the group identity as random factors to account for repeated measures at the level of the individual and the group.
The tenure of philopatry (days) was log transformed and analysed by fitting a linear mixed model with disperser (yes/no) as explanatory variable and the group identity as random factor. To address the question of whether variation in growth is associated with the tenure of philopatry, we fitted a LMM with growth rate as response and the time spent in the natal group and body mass as covariates. Additionally, we included the identity of the individual and the group identity as random factors. The residuals of all linear models were checked for normal distribution and homogeneity of variance. See the analysis code for the 
Results
In their natal group, males that subsequently dispersed successfully grew faster than all other non-reproductive males (i.e. philopatric males; 
Discussion
Males that dispersed later and successfully grew faster than other non-reproductive males during the time in their natal group. In contrast to the predictions based on the hypothesis that variation in male growth represents adaptive divergence leading to early dispersal or extended philopatry, fastgrowing males remained as long in their natal group as did other non-reproductive males, suggesting that both types of non-reproductive males dispersed at the same time with contrasting success. Recent evidence from captive Damaraland mole-rats shows that fast-growing individuals also contributed more to cooperative behaviours in the group [10] .
Together these results suggest that in Damaraland mole-rats fast-growing individuals disperse at a similar time to slow-growing individuals, show higher contributions to cooperative tasks in the natal group and are more likely to survive dispersal. Instead of being specialized dispersers that grow quickly and help little, these individuals may be higher-quality individuals that outperform individuals of lower-quality, both in gaining indirect fitness benefit through cooperation and through high post-dispersal breeding success. Damaraland mole-rats appear to be more similar to some other cooperatively breeding vertebrates (e.g. meerkats and cichlids), where individuals do not show early life adaptation and specialization to early dispersal or extended philopatry [5, 6] , than to social insects, such as termites, where divergent developmental trajectories are common [2] . Our results raise the question of whether Damaraland mole-rats and other cooperatively breeding vertebrates differ from naked mole-rats and social insects, or whether the scarcity of individual-based field data from natural populations of naked mole-rats has encouraged previous research to attribute contrasts in body mass and dispersal behaviour to early-life divergence of developmental trajectories [3] . Previous data from captive populations of naked mole-rats showed that alternative growth strategies are linked to differences in hormonal profiles and dispersal related behaviour, but natural dispersal is not possible in captivity and food is supplied ad libitum, which limits our understanding of life-history variation and its association to growth [3] . As in our study, in wild populations of naked mole-rats, dispersers are heavier than philopatric individuals, though it remained unknown whether they show reduced or extended periods of philopatry and whether differences in body size are the result of faster growth or older age [4] . The data on naked mole-rats are currently consistent with both hypotheses, variation in individual quality (as shown in this paper for Damaraland mole-rats) and with the idea that some individuals may strategically specialize for dispersal and independent breeding (as known from eusocial insects). Individual based, long-term field studies on naked mole-rats are now needed to understand whether fast growth is associated with reduced tenures of philopatry and reduced investment in cooperation, and to clarify whether divergent developmental trajectories occur in naked mole-rats.
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